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Abstract. This is our second paper devoted to the prob-
lem of line intensity – oxygen abundance calibration start-
ing from the idea of McGaugh (1991) that the strong
oxygen lines ([OII]λλ3727, 3729 and [OIII]λλ4959, 5007)
contain the necessary information to determine accurate
abundances in HII regions. In the previous study (Pilyugin
2000) the corresponding relations were obtained for the
low-metallicity HII regions (12+logO/H ≤ 7.95, the lower
branch of the O/H – R23 diagram). The high-metallicity
HII regions (12+logO/H ≥ 8.2, the upper branch of the
O/H – R23 diagram) are considered in the present study.
A relation of the type O/H=f(P,R23) between oxy-
gen abundance and the value of abundance index R23
introduced by Pagel et al. (1979) and the excitation
parameter P (which is defined here as the contribu-
tion of the radiation in [OIII]λλ4959, 5007 lines to
the ”total” oxygen radiation) has been derived empiri-
cally using the available oxygen abundances determined
via measurement of a temperature-sensitive line ratio
[OIII]4959,5007/[OIII]4363 (Te – method). By comparing
oxygen abundances in high-metallicity HII regions derived
with the Te – method and those derived with the suggested
relations (P – method), it was found that the precision of
oxygen abundance determination with the P – method is
around 0.1 dex (the mean difference for the 38 HII regions
considered is ∼ 0.08dex) and is comparable to that of the
Te – method.
A relation of the type Te=f(P,R23) between electron
temperature and the values of abundance index R23 and
the excitation parameter P was derived empirically using
the available electron temperatures determined via mea-
surement of temperature-sensitive line ratios. The max-
imum value of differences between electron temperatures
determined via measurement of temperature-sensitive line
ratios and those derived with the suggested relation is
around 1000K for HII regions considered here, the mean
value of differences for 38 HII regions is ∼ 500K, which is
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the same order of magnitude as the uncertainties of elec-
tron temperature determinations in high-metallicity HII
regions via measured temperature-sensitive line ratios.
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- galaxies: ISM - galaxies: spiral
1. Introduction
An investigation of chemical properties of galaxies is very
important for the development of the theory of structure
and evolution of galaxies. Oxygen plays a key role in un-
derstanding the (chemical) evolution of galaxies for a sev-
eral reasons. Firstly, good spectrophotometry of HII re-
gions is available now for a large number of galaxies, and
the oxygen abundances derived from line intensities are
published in many works (Caplan et al. 2000; Deharveng
et al. 2000; Esteban et al. 1998, 1999a,b; Garnett et al.
1997; Izotov and Thuan 1998, 1999; Izotov, Thuan, and
Lipovetsky 1994, 1997; Kobulnicky and Skillman 1996,
1997, 1998; Kobulnicky et al. 1997; Skillman et al. 1994;
van Zee et al. 1997, 1998; among others). Secondly, the
origin of oxygen seems to be reliably established in con-
trast to other elements like carbon or nitrogen. The oxy-
gen abundance can be considered as a tool to investigate
the evolution of galaxies. For example, the value of oxy-
gen abundance in a galaxy combined with the value of the
gas mass fraction can tell us about the efficiency of mass
exchange between a galaxy and its environment (Pilyugin
and Ferrini 1998, 2000).
Accurate oxygen abundances can be derived from mea-
surement of temperature-sensitive line ratios, such as
[OIII]4959,5007/[OIII]4363. This method will be referred
to as the Te - method. Unfortunately, in oxygen-rich HII
regions the temperature-sensitive lines such as [OIII]4363
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are too weak to be detected. For such HII regions, em-
pirical abundance indicators based on more readily ob-
servable lines were suggested (Pagel et al. 1979; Alloin et
al. 1979). The empirical oxygen abundance indicator R23
= ([OII]3727,3729 + [OIII]4959,5007)/Hβ, suggested by
Pagel et al. (1979), has found widespread acceptance and
use for the oxygen abundance determination in HII regions
where the temperature-sensitive lines are undetectable.
This method will be referred to as the R23 - method. Sev-
eral workers have suggested calibrations of R23 in terms
of oxygen abundance (Edmunds and Pagel 1984, McCall
et al. 1985, Dopita and Evans 1986, Zaritsky et al. 1994,
among others).
There are two problems with the oxygen abundances
derived by the R23 – method. First, oxygen abundances
derived with different R23 - calibrations can differ by
0.3dex and more. The usually-used R23 calibrations (Ed-
munds and Pagel 1984, McCall et al. 1985, Dopita and
Evans 1986, McGaugh 1991) are based on a few then-
available oxygen abundance determinations through the
Te – method and HII region models. More oxygen abun-
dance determinations through the Te – method are avail-
able now. None of these R23 calibrations can reproduce
the available data well enough (Pilyugin 2000, Paper I).
Secondly, it has been found (Paper I) that the error in the
oxygen abundance derived with the R23 – method involves
two parts: the first is a random error and the second is a
systematic error depending on the excitation parameter.
The origin of this systematic error is as follows. In a gen-
eral case the intensities of oxygen emission lines in spectra
of HII regions depend not only on the oxygen abundance
but also on the physical conditions (hardness of the ion-
izing radiation and geometrical factor). Then in the de-
termination of the oxygen abundance from line intensities
the physical conditions in the HII region should be taken
into account. In the Te – method this is done via Te. In
the R23 – method the physical conditions in an HII region
are ignored.
In our recent work (Paper I), a new way of oxygen
abundance determination in HII regions (P – method)
was suggested. A more general relation of the type
O/H=f(P,R23) is used in the P – method, compared to
the relation of the type O/H=f(R23) used in the tra-
ditional R23 – method. It was found in Paper I that
the precision of oxygen abundance determinations in low-
metallicity (12+logO/H ≤ 7.95) HII regions with the P
– method is comparable to that with the Te – method.
The oxygen abundances of high-metallicity (12+logO/H
≥ 8.2) HII regions derived with the P – method are sig-
nificantly less accurate. This seems to be because a sub-
set of HII regions with high-quality homogeneous deter-
minations of oxygen abundances was used in the con-
struction of the O/H=f(P,R23) relation in the case of
the low-metallicity HII regions while the relation for
high-metallicity HII regions was based on the set of all
available HII regions with inhomogeneous determinations
of oxygen abundances. Here the oxygen abundances for
high-metallicity HII regions with measured line ratios
[OIII]λλ4959, 5007/λ4363 will be recomputed in a uni-
form manner, and the set of HII regions with homogeneous
determinations of oxygen abundances will be used in the
construction of the O/H=f(P,R23) relation in the case of
the high-metallicity HII regions.
The search for an O/H=f(P,R23) relation for high-
metallicity HII regions is the goal of this study. The pre-
liminary analysis of the relevant observational data and
redetermination of oxygen abundance in a uniform way
for a large set of HII regions are given in Section 2. The
line intensities – O/H calibration is derived in Section 3.
The line intensities – Te calibration is derived in Section 4.
A discussion is presented in Section 5. Section 6 contains
a brief summary.
2. Preliminary analysis of observational data
The strategy for construction of an empirical relation be-
tween strong line intensities and oxygen abundance is
based on the following propositions 1) the value of O/H in
high-metallicity HII region can be expressed as a function
of two parameters: the value of R23 and the hardness of
the ionizing radiation, 2) the excitation index P is a good
indicator of the hardness of the ionizing radiation. (Nota-
tions similar to those of Paper I will be adopted here: R2 =
I[OII]λ3727+λ3729/IHβ , R3 = I[OIII]λ4959+λ5007/IHβ , R =
I[OIII]λ4363/IHβ , R23 =R2 + R3, X23 = logR23, and P =
R3/R23. The excitation index P used here and indexes p2
and p3 used in Paper I are related through simple expres-
sions: p3 = logP and p2 = log(1-P).) These propositions
are immediately evident from the observational data. It
has been shown that the value of R23 is a robust prop-
erty of a given HII region (Kennicutt et al. 2000, Oey et
al. 2000) in the sense that its value is relatively constant
within a given HII region. As an illustration of this fact,
Fig.1 shows the R23 – P diagram for the multiple posi-
tions in the HII region M17 (Milky Way Galaxy) and in
the HII region DEM323 (Large Magellanic Cloud). The
M17 data include spectra from Peimbert et al. (1992) and
the DEM323 data are from Oey et al. (2000). Both HII
regions show a large range of excitation across the regions
sampled; at the same time the value of R23 is relatively
constant. Other examples can be found in Kennicutt et al.
(2000) and Oey et al. (2000).
On the other hand, Fig.1 shows that the value of R23
is not a good indicator of metal abundance in HII regions
in the sense that there is no one-to-one correspondence
between R23 and oxygen abundance. Indeed, the HII re-
gions M17 and DEM323 have in fact the same values of
R23, while their oxygen abundances are rather different:
12+logO/H = 8.37 in DEM323 versus 12+logO/H = 8.61
in M17. Thus the value of R23 is governed not only by
the oxygen abundance but at least one additional param-
eter. It is usually accepted that the spectrum of an HII
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Fig. 1. The P – R23 diagram. The small triangles are mea-
surements for individual areas of the HII region M17 in the
Milky Way Galaxy (Peimbert et al. 1992), the large triangle
is the integrated data. The small pluses are measurements for
individual areas of the HII region DEM323 in the Large Mag-
ellanic Cloud, the large plus is the integrated data (Oey et al.
2000).
region (and hence the value of R23) is specified by three
parameters: the abundance of the chemical elements in
the gas, the ionization parameter or geometrical factor,
and the hardness of the ionizing radiation (Stasinska 1990,
McGaugh 1991, among others). The relative constancy of
R23 within a given nebula suggests that its value in moder-
ately metal-rich HII region depends very weakly (if at all)
on the ionization parameter. This leads us to anticipate
that the value of O/H is a function of two parameters:
the value of R23 and the hardness of the ionizing radia-
tion. Thus, an important proposition that in moderately
high-metallicity HII regions R23 is mainly governed by the
oxygen abundance and by the hardness of the ionizing ra-
diation (or effective temperature of the exciting star(s))
is immediately evident from the following observational
facts: 1) the value of R23 is relatively constant within a
given HII region, 2) there is no one-to-one correspondence
between R23 and oxygen abundance.
It has been found that the value of [OIII]/Hβ correlates
with the effective temperature of the exciting star or the
hardness of the ionizing radiation (Kaler 1978, Copetti et
al. 1986, among others) and hence the value of [OIII]/Hβ
can be used as indicator of the hardness of the ionizing
radiation. Vilchez and Pagel (1988) have introduced the
value
[OII]λλ3727, 3729/[OIII]λλ4959, 5007
[SII]λλ6716, 6731/[SIII]λλ9069, 9532
(1)
as a hardness index. [OIII]/Hβ is not a very good indica-
tor of the radiation hardness because it is affected by the
oxygen abundance as well. The hardness index of Vilchez
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Fig. 2. The P – Teff diagram for the ”calibrating” objects
from Kennicutt et al. (2000).
and Pagel contains the intensity of line [SIII]λ9532, which
is often unknown. It will be assumed here that the exci-
tation index P can be used as indicator of the hardness of
the ionizing radiation. The observational evidence in favor
of this proposition is given in Fig.2; the ”calibrating” ob-
jects from Kennicutt et al. (2000) show a clearly defined
correlation between the excitation index P and effective
temperature of the ionizing star.
The spectra of part but not the whole HII region are
often observed. It should be noted that the value of P is
a good indicator of the hardness of the ionizing radiation
only if measured fluxes reflect their relative contributions
to the radiation of the whole nebula. This fact, together
with the quality of spectra, has been taken into account in
compiling the sample of HII regions used for the construc-
tion of an empirical relation between strong line intensities
and oxygen abundance. If the measurements for individ-
ual areas in the same HII region were reported in a paper,
the integrated spectra were derived (if authors did not do
so). If several spectra of equal quality were available for
the same HII region, the spectrum with largest Hβ flux
was preferred. Our sample includes 38 HII regions with
12+log(O/H)Te > 8.2 for which we have collected the rel-
evant observational data, listed with references in Table
1.
It is widely accepted that an accurate oxygen abun-
dance can be derived from measurement of temperature-
sensitive line ratios, such as [OIII]λλ4959, 5007/λ4363, i.e
through the Te – method. In the general case, the oxygen
abundances in the same HII region with measured line ra-
tios [OIII]λλ4959, 5007/λ4363 derived in different works
can differ for three reasons: atomic data adopted, interpre-
tation of the temperature structure (single characteristic
Te, two-zone model for Te, model with small-scale temper-
ature fluctuations) and errors in the line intensity mea-
surements. Therefore the compilation of HII regions with
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Table 1. Characteristics for the HII regions in the present sample. The commonly used name of the galaxy is given in column
1, the name of the HII region is reported in column 2. The fluxes R2 = I[OII]λ3727+λ3729/IHβ, R3 = I[OIII]λ4959+λ5007/IHβ, R =
I[OIII]λ4363/IHβ are listed in columns 3 to 5. The electron concentration Ne is reported in column 6. The source for fluxes and
electron concentration is listed in column 7. The electron temperature Te derived from the measured R3/R line ratio is given
in column 8. The electron temperature tP determined with the suggested Te=f(P,R23) relation is reported in column 9. The
electron temperatures are given in units of 104K. The oxygen abundance O/HTe derived through the Te – method with Te is
listed in column 10. The oxygen abundance O/HP determined via suggested O/H=f(P,R23) relation is given in column 11. The
oxygen abundance O/HtP derived through the Te – method with tP is listed in column 12. The oxygen abundances are given
in units of 12+logO/H.
galaxy HII region R2 R3 R Ne references Te tP O/HTe O/HP O/HtP
MWG M16=Sh49 1.429 1.262 0.0012 124 C+D 0.66 0.63 8.58 8.68 8.67
Sh117 1.799 1.506 0.0018 17 C+D 0.69 0.69 8.59 8.60 8.60
Sh184 1.900 1.762 0.0032 65 C+D 0.76 0.72 8.48 8.58 8.58
Sh206 1.189 4.637 0.0137 412 C+D 0.85 0.80 8.47 8.57 8.58
Sh212 3.102 1.741 0.0068 126 C+D 0.92 0.88 8.32 8.38 8.38
M42=Orion 1.355 3.912 0.0101 3577 C+D 0.82 0.78 8.55 8.59 8.64
M17 1.239 4.720 0.010 691 P92 0.79 0.81 8.61 8.56 8.57
S298=RCW5-1 0.912 9.119 0.0708 200 S83 1.13 1.06 8.27 8.34 8.36
S311=RCW16-1 2.344 3.861 0.0107 200 S83 0.84 0.90 8.54 8.42 8.43
NGC55 No 2 2.66 5.92 0.032 100 W83 1.01 1.09 8.40 8.28 8.29
No 7 2.61 5.83 0.033 100 W83 1.02 1.07 8.37 8.29 8.30
NGC300 No 15 2.90 5.56 0.044 100 W83 1.14 1.10 8.23 8.26 8.28
NGC598 NGC588 1.482 6.310 0.024 100 V88 0.91 0.94 8.48 8.43 8.44
NGC604 2.152 2.852 0.0075 100 D87 0.83 0.81 8.47 8.50 8.50
NGC925 -022+227 2.04 5.653 0.022 100 vZ98 0.92 0.98 8.48 8.38 8.39
NGC1313 No 5 1.66 6.26 0.026 100 P80 0.93 0.96 8.46 8.40 8.41
No 7 3.63 4.70 0.039 100 P80 1.16 1.17 8.22 8.20 8.21
NGC1569 C6w 1.112 9.018 0.077 100 K97 1.17 1.08 8.23 8.31 8.34
NGC2403 VS 35 2.46 1.84 0.0051 100 G97 0.84 0.79 8.40 8.48 8.48
VS 38 1.92 1.34 0.0025 100 G97 0.76 0.69 8.43 8.59 8.59
VS 44 2.8 1.99 0.0063 100 G97 0.87 0.85 8.39 8.42 8.42
VS 51 2.28 2.37 0.0054 100 G97 0.80 0.80 8.50 8.50 8.50
VS 3 2.26 2.14 0.0068 100 G97 0.87 0.79 8.35 8.51 8.51
NGC2805 +037-115 2.52 4.662 0.020 100 vZ98 0.94 0.98 8.42 8.36 8.37
-068-079 3.64 4.552 0.033 100 vZ98 1.11 1.16 8.26 8.21 8.22
+116-098 3.11 4.681 0.030 100 vZ98 1.07 1.07 8.29 8.27 8.28
NGC4214 Knot2 (A6) 3.172 3.746 0.021 100 K96 1.02 1.02 8.31 8.31 8.31
Knot5 (C6) 2.557 5.371 0.024 100 K96 0.96 1.03 8.44 8.32 8.33
NGC4395 -272+186 3.06 4.968 0.024 100 vZ98 0.98 1.09 8.42 8.27 8.28
NGC5457 NGC5447 1.90 5.50 0.028 100 S75 0.99 0.95 8.35 8.41 8.42
NGC5455 3.09 5.25 0.028 100 S75 1.01 1.11 8.40 8.25 8.26
NGC5461 2.14 4.04 0.015 234 T89 0.90 0.89 8.42 8.45 8.45
-347+276 0.98 7.906 0.036 100 vZ98 0.96 0.98 8.45 8.40 8.42
-459-053 3.00 3.996 0.022 100 vZ98 1.02 1.01 8.32 8.32 8.32
LMC DEM323 2.770 3.337 0.014 10 O+O 0.94 0.93 8.37 8.38 8.38
UM311 1.800 5.295 0.023 100 I98 0.95 0.92 8.40 8.44 8.44
UGC2984 No 2 2.592 6.499 0.048 100 vZ97 1.12 1.12 8.28 8.26 8.28
UGC5716 No 1 2.640 5.025 0.031 100 vZ97 1.05 1.02 8.30 8.32 8.33
List of references :
C+D – Caplan et al. (2000) + Deharveng et al. (2000); D87 – Diaz et al. (1987); G97 – Garnett et al. (1997); I98 – Izotov and
Thuan (1998); K96 – Kobulnicky and Skillman (1996); K97 – Kobulnicky and Skillman (1997); O+O – Oey and Shields (2000)
+ Oey et al. (2000); P80 – Pagel et al. (1980); P92 – Peimbert et al. (1992); S75 – Smith (1975); S83 – Shaver et al. (1983);
T89 – Torres-Peimbert et al. (1989); V88 – Vilchez et al. (1988); vZ97 – van Zee et al. (1997); vZ98 – van Zee et al. (1998);
W83 – Webster and Smith (1983).
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original oxygen abundance determinations through the Te
– method from different works carried out over more than
twenty years is not a set of homogeneous determinations.
Accordingly, the available published spectra of HII re-
gions with measured line ratios [OIII]λλ4959, 5007/λ4363
(listed in the Table 1) have been reanalysed to produce a
homogeneous set. Two-zone models of HII regions with
the algorithm for oxygen abundance determination from
Pagel et al. (1992) and Te([OII]) – Te([OIII]) relation
from Garnett (1992) were adopted here. The oxygen abun-
dances for HII regions from Table 1 were recomputed in
this common way. The obtained electron temperature Te
and corresponding oxygen abundance O/HTe are reported
in columns 8 and 10 of Table 1. The electron temperatures
derived by Garnett et al. (1997) were used for NGC2403
HII regions (the R = I[OIII]λ4363/IHβ values for NGC2403
HII regions reported in Table 1 correspond to these elec-
tron temperatures but not to the measurements). This set
of HII regions with homogeneous determinations will be
used in the construction of an empirical relation between
strong line intensities and oxygen abundance.
3. Line intensities – O/H calibration
The X23 versus O/H diagram for HII regions from Table 1
is presented in Fig.3. The open circles are HII regions with
P > 0.5, the filled circles are HII regions with P < 0.5. The
line is the R23 calibration of Edmunds and Pagel (1984).
Inspection of Fig.3 shows that there is no one-to-one corre-
spondence between X23 value and oxygen abundance. For
a fixed oxygen abundance the positions of low-excitation
HII regions in the X23 – O/H diagram are systematically
shifted towards lower values of X23 compared to the po-
sitions of high-excitation HII regions. The calibration of
Edmunds and Pagel (1984) corresponds to the positions of
high-excitation HII regions. This is not suprising since ob-
servational data only for high-excitation HII regions were
available when this calibration was suggested. Other pre-
vious calibrations (McCall & Rybski and Shields 1985,
Dopita & Evans 1986, Zaritsky et al. 1994) are shifted to-
wards still higher oxygen abundances. The fact that for a
fixed oxygen abundance the value of X23 varies with the
excitation parameter P confirms our proposition that the
excitation index P can be used in the oxygen abundance
determination.
It is convenient to start the search for the relation be-
tween oxygen abundance and parameters P and R23 from
consideration of R3 – P (Fig.4) and R23 – P (Fig.5) dia-
grams. The positions of HII regions from Table 1 in these
diagrams are presented by circles; the filled circles are HII
regions with 12+log(O/H) < 8.4, open circles are HII re-
gions with 12+log(O/H) > 8.4. The points are HII regions
from Zaritsky et al. (1994) and van Zee et al. (1998). The
pluses are low-excitation HII regions in our Galaxy from
Deharveng et al. (2000). Fig.4 shows that HII regions oc-
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Fig. 3. The X23 – O/H diagram for the HII regions from our
sample. The filled circles are HII regions with P < 0.5, open
circles are HII regions with P > 0.5. The line is the R23 cali-
bration after Edmunds and Pagel (1984).
cupy rather narrow band in the R3 – P diagram. The
relation between R3 and P can be given by a polynomial
k0R3 = k1P + k2P
2 + k3P
3. (2)
The zero-degree term of the polynomial must be equal
to zero since R3 and P are equal to zero simultaneously
by the definition. Examination of Fig.4 shows that the
positions of the HII regions with 12+log(O/H) < 8.4 are
shifted relative to those with 12+log(O/H) > 8.4. In order
to take this fact into account the coefficients of Eq.(2) will
be taken in the form
kj = aj + bjZ, (3)
where the notation Z=12+logO/H is used for brevity. Tak-
ing Eq.(3) into account, Eq.(2) can be rewritten as
R3 =
(a1 + b1Z)P + (a2 + b2Z)P
2 + (a3 + b3Z)P
3
1 + b0Z
. (4)
The coefficient a0 has been taken equal to 1 (deviding the
numerator and denominator in the right side of Eq.(4) by
a0). Eq.(4) can be solved for the value Z=12+logO/H
12 + log(O/H)P =
R3 − a1P − a2P
2 − a3P
3
b1P + b2P 2 + b3P 3 − b0R3
. (5)
Taking into account that R3 = P × R23, Eq.(5) can be
transformed into
12 + log(O/H)P =
R23 − a1 − a2P − a3P
2
b1 + b2P + b3P 2 − b0R23
. (6)
The coefficients b0, a1, b1, a2, b2, a3, b3 can be found using
the set of HII regions with oxygen abundances derived
through the Te – method. In other words, the positions in
6 L.S.Pilyugin: On the oxygen abundance determination in high-metallicity HII regions
0
2
4
6
8
10
0 0.2 0.4 0.6 0.8 1
R
3
P
Fig. 4. The P - R3 diagram. The HII regions from our sam-
ple are represented by circles; the filled circles are HII regions
with 12+log(O/H) < 8.4, open circles are HII regions with
12+log(O/H) > 8.4. The points are HII regions from Zarit-
sky et al. (1994) and van Zee et al. (1998). The pluses are
low-excitation HII regions in our Galaxy from Caplan et al.
(2000), Deharveng et al. (2000).
the R23 – P (and the R3 – P) diagram can be calibrated
in terms of oxygen abundance.
The precision of present-day determinations of the oxy-
gen abundances in high-metallicity HII regions through
the Te – method seems to be around 0.1dex (Deharveng et
al. 2000). It has been found that there are different sets of
coefficients b0, a1, b1, a2, b2, a3, b3 (or different variants of
the calibration) which give an average value of differences
∆O/HP = logO/HP – logO/HTe less than 0.1 dex for our
sample of HII regions. Unfortunately, our sample of HII
regions (used in the search for the coefficients) does not
contain the HII regions with P < 0.4, Fig.5. Therefore dif-
ferent sets of coefficients based on the narrow range of oxy-
gen abundances in high-excitation HII regions can result
in appreciably different abundances in low-excitation ones
although all the variants of the calibration that resulted
in a correlation between the differences ∆O/Hj for indi-
vidual HII regions and Pj or between ∆O/Hj and O/Hj
were rejected and only the variants in which both corre-
lation coefficients are less than 0.1 were considered. Thus,
the problem of choice of the variant of the calibration,
which results in correct oxygen abundances in the whole
range of P, appears. This difficulty is usually resolved by
adding HII region models to the real HII regions. As was
discussed by Stasinska (2000), the existing models of HII
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Fig. 5. The P - R23 diagram. The HII regions from our sam-
ple are represented by circles; the filled circles are HII regions
with 12+log(O/H) < 8.4, open circles are HII regions with
12+log(O/H) > 8.4. The points are HII regions from Zarit-
sky et al. (1994) and van Zee et al. (1998). The pluses are
low-excitation HII regions in our Galaxy from Caplan et al.
(2000), Deharveng et al. (2000).
regions may be far from reality for a number of reasons.
Then we may have to try to overcome this difficulty start-
ing from the observational data only. The following solu-
tion to this problem will be adopted. Our sample contains
9 HII regions of the disk of our Galaxy. Fig.6 shows the
oxygen abundance as a function of the galactocentric dis-
tance. The linear fit
12 + log(O/H) = 8.90− 0.041RG (7)
is close to the relation obtained by Deharveng et al.(2000).
This is not surprising, since the measured fluxes for 6 out
of the 9 HII regions were taken from them. The list of HII
regions observed by Caplan et al. (2000) and Deharveng et
al. (2000) contains a number of low-excitation ones. Fol-
lowing Deharveng et al. (2000) all the heavily reddened
HII regions were excluded from consideration. The nine
low-excitation HII regions Sh54, Sh131, Sh148, Sh 152,
Sh153, Sh156, Sh168, Sh217, and Sh219 for which flux
measurements seems to be reliable were selected and used
as ”secondary calibrating objects” in the choice of the re-
lation between strong line intensities and oxygen abun-
dance (the positions of these HII regions in the R3 – P
and R23 – P diagrams are shown by pluses, Figs.4, 5).
The basic requirement imposed on the calibration by our
set of HII regions is complemented by the condition that
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Fig. 6. The radial distribution of oxygen abundance in the
disk of our Galaxy. The oxygen abundances of HII regions are
determined through the Te – method (recomputed here); the
distances are taken from Deharveng et al. (2000).
the oxygen abundances of selected low-excitation HII re-
gions derived through the calibration must result in the
same radial oxygen abundance gradient as was determined
from HII regions with oxygen abundances derived through
the Te – method. Inspection of Fig.5 shows that positions
of HII regions from this ”extended” set cover the whole
range of P.
The choice of the variant of the calibration which
is suitable for the whole range of the parameter P was
performed in the following way. A variant of the cali-
bration can be characterized by three parameters; O/H∗
= O/H(R23=0.1,P=0), 〈∆O/H〉 =
√
(
n∑
j=1
(∆O/Hj)2)/n,
and 〈δO/H〉 = (
n∑
j=1
∆O/Hj)/n where ∆O/Hj is equal
to logO/HjP – logO/H
j
Te
for our set of HII regions and
∆O/Hj is equal to logO/H
j
P – logO/H
j
RG
for the selected
low-excitation HII regions where O/HjRG is the abundance
estimated through the galactocentric distance (Eq.(7)).
The O/H∗ is the minimum value of oxygen abundance for
HII regions with R23=0.1, predicted by a given variant of
the calibration. The value of 〈∆O/H〉 characterizes the
scatter of differences between oxygen abundances deter-
mined via a fixed variant of the calibration and adopted
oxygen abundances. The value of 〈δO/H〉 characterizes
the average systematic difference between oxygen abun-
dances determined via the fixed variant of the calibration
and adopted oxygen abundances. For every fixed value of
the parameter O/H∗ the variant of the calibration which
gives the minimum value of 〈∆O/H〉 was obtained. The
value of 〈∆O/H〉min and corresponding value of 〈δO/H〉
as a function of the O/H∗ are presented in Fig.7. The
local non-smooth variations of the values of 〈∆O/H〉min
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Fig. 7. The 〈∆O/H〉
min
and 〈δO/H〉 as a function of the
O/H∗ = O/H(R23=0.1,P=0). The 〈∆O/H〉min values are pre-
sented by pluses, the 〈δO/H〉 values are presented by the cir-
cles. The variants of the calibration (V891, V907, and V915)
discussed in the text are shown by filled triangles.
and 〈δO/H〉 with O/H∗ reflect the fact that all the vari-
ants of the calibration which result in a correlation be-
tween ∆O/Hj and Pj or between ∆O/Hj and O/Hj were
rejected and only the variants in which both correlation
coefficients are less than 0.1 were considered.
Fig.7 shows that the 〈∆O/H〉min has a minimum value
for O/H∗ = 8.91. The corresponding value of 〈δO/H〉 is
close to zero (≈ –0.005dex). This variant of the calibration
will be referred to as V891. The comparison of this variant
of the calibration with observational data is given in Fig.8
(1st column). Two other variants V907 and V915 of the
calibration are also presented in Fig.8 (panels in columns
2 and 3). Fig.8 shows that the V891 variant of the cali-
bration well reproduces the observational data of different
types. The positions of HII galaxies from our sample in
the R23 – P and O/H – R23 diagrams are well reproduced
by the V891 variant of the calibration (panels a1 and b1
in Fig.8). The differences between oxygen abundances de-
termined through the variant V891 of the calibration and
through the Te – method do not exceed 0.1dex (the av-
erage difference is about 0.08 dex for 38 HII regions) for
the majority of our set (panel c1 in Fig.8). For compari-
son, the average difference between variant V915 and the
Te – method is in excess of 0.1dex (≈ 0.13dex) (panel c3
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Fig. 8. The comparison of three variants of the calibration (V891 - 1st column panels, V907 - 2nd column panels, V915 - 3rd
column panels) with observational data. The panels a1, a2, and a3 show the R23- P diagrams. The filled circles are HII regions
with 8.2 < 12+logO/H < 8.4, the open triangles are HII regions with 8.4 < 12+logO/H < 8.62 from our sample. The pluses are
low-excitation HII regions in the disk of our Galaxy from Deharveng et al.(2000). The curves are R23 – P relations predicted
by a given variant of the calibration for fixed values of logO/H+12 = 8.2, logO/H+12 = 8.4, logO/H+12 = 8.6 (from top to
bottom). The panels b1, b2, and b3 show the X23 – O/H diagrams. The filled circles are HII regions with P < 0.5, the open
circles are HII regions with P > 0.5 from our sample. The curves are X23 - O/H relations predicted by a given variant of the
calibration for fixed values of P=1, P=0.5, and P=0 (from top to bottom). The panels c1, c2, and c3 show ∆O/H = log(O/H)P
- log(O/H)Te versus O/HTe diagrams for our sample of HII regions. The panels d1, d2, and d3 show the radial distribution of
oxygen abundance within the disk of our Galaxy. The circles are HII regions with oxygen abundances derived through the Te –
method, the pluses are low-excitation HII regions with oxygen abundances determined through the given variant of the present
calibration.
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in Fig.8). Consequently, variant V891 of the calibration
results in the radial oxygen abundance gradient which is
very close to that derived from HII regions with oxygen
abundances determined through the Te – method (panel
d1 in Fig.8). Then, the variant V891 of the calibration
is the most credible relation between strong line intensi-
ties and oxygen abundance. This variant of the calibration
with coefficients b0 = –0.243, a1 = –54.2, b1 = 6.07, a2 =
–59.45, b2 = 6.71, a3 = –7.31, b3 = 0.371 and correspond-
ing equation
12+log(O/H)P =
R23 + 54.2 + 59.45P + 7.31P
2
6.07 + 6.71P + 0.371P 2 + 0.243R23
(8)
can be adopted for oxygen abundance determinations in
moderately high-metallicity HII regions with undetectable
temperature-sensitive line ratios. The oxygen abundances
in HII regions from our sample determined with this cali-
bration are given in Table 1 (column 11).
4. Line intensities – Te calibration
The oxygen abundances O/HP derived in the previous sec-
tion through the excitation parameter P and abundance
index R23 are in agreement with those derived through
the classical Te – method. This justifies the use of re-
lations of the type O/H=f(P,R23) for oxygen abundance
determination in high-metallicity HII regions with the un-
detectable [OIII]4363 line. It also provides evidence that
the propositions which are at the basis of this relation (i)
that the value of abundance index is mainly governed by
the oxygen abundance and by the hardness of the ionizing
radiation and depends very weakly (if at all) on the ion-
ization parameter, ii) that the parameter P can be used as
indicator of the hardness of the ionizing radiation) seem
to be close to reality. Conversely, if the physical condi-
tions in high-metallicity nebulae are governed mainly by
the oxygen abundance and by the hardness of the ionizing
radiation and if observational values of P and R23 reflect
these two, then it can be expected that the physical condi-
tions in a nebula can be derived with help of observational
values P and R23. The physical conditions in a nebula are
reflected in the electron temperature, so that a relation of
the type Te=f(P,R23) can be expected.
Fig.9 shows the positions of HII regions from Table 1
in the R23 – P diagram. The HII regions with Te < 0.8
are presented by circles, those with 0.8 < Te < 1.0 are
shown by pluses and those with Te > 1.0 are shown by
triangles. Fig.9 shows that the HII regions with different
electron temperatures occupy different bands in the R23 –
P diagram. This suggests that the positions in the R23 –
P diagram can be calibrated in terms of electron temper-
atures. Let us again start from the expression of the type
R3 =
(A1 +B1t)P + (A2 +B2t)P
2 + (A3 +B3t)P
3
1 +B0t
, (9)
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Fig. 9. The P - R23 diagram. The HII regions with Te < 0.8
are presented by circles, those with 0.8 < Te < 1.0 are shown
by pluses and those with Te > 1.0 are shown by triangles.
The curves are the R23 – P relations predicted by the present
calibration for a fixed values of Te = 0.6, 0.8, 1.0, and 1.2 (from
bottom to top).
which can be solved for the value of t
tP =
R3 −A1P −A2P
2 −A3P
3
B1P +B2P 2 +B3P 3 −B0R3
, (10)
where tP is the electron temperature expressed in units of
104K. The coefficients B0, A1, B1, A2, B2, A3, and B3 can
be found using the sample of HII regions with electron
temperature derived via measured temperature-sensitive
line ratios [OIII]4959,5007/[OIII]4363. It has been found
that there are different sets of coefficients B0, A1, B1, A2,
B2, A3, and B3 which provide the average value of differ-
ences ∆tP = tP – Te around 500K. The variant of the cal-
ibration (the choice is explained below) with coefficients
B0 = 0.583, A1 = –3.09, B1 = 9.90, A2 = –7.05, B2 =
11.86, A3 = –2.87, B3 = 7.05 and corresponding equation
tP =
R23 + 3.09 + 7.05P + 2.87P
2
9.90 + 11.86P + 7.05P 2 − 0.583R23
(11)
has been adopted for the electron temperature determi-
nation in high-metallicity HII regions with undetectable
temperature-sensitive line ratios. The electron tempera-
tures tP in HII regions from our sample determined from
Eq.(11) are given in Table 1 (column 9).
The R23 – P relations predicted by the calibration for
fixed values of tP = 0.6, 0.8, 1.0, and 1.2 are presented in
Fig.9 by dashed lines. Fig.10 shows the differences between
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Fig. 10. The differences tP – Te as a function of Te, for our
set of HII regions.
electron temperatures tP derived through the present cal-
ibration and measured electron temperatures Te. As can
be seen in Fig.10, the largest value of the difference ∆Te =
tP – Te is around 1000K, the average value about 500K.
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Fig. 11. The differences (O/H)tP – (O/H)Te for our set of HII
regions.
Since the electron temperatures tP derived through
the present calibration are close to the measured electron
temperatures Te, the tP can be used for the oxygen abun-
dance determination through the Te – method. The oxy-
gen abundances O/HtP in HII regions from our sample
determined in this way are given in Table 1 (column 12).
The differences between oxygen abundances derived with
the tP and with the measured Te are presented in Fig.11.
The variant of the tP=f(P,R23) calibration which results
in the best agreement between O/HtP and O/HTe for our
set of HII regions and between O/HtP and O/HRG for
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Fig. 12. The differences (O/H)tP – (O/H)P for our set of HII
regions.
low-excitation HII regions in the disk of our Galaxy was
chosen above.
The differences between O/HtP and O/HP for our set
of HII regions are presented in Fig.12. It can be seen in
Fig.12 that O/H=f(P,R23) and tP=f(P,R23) relations lead
to consistent abundances.
Thus, the positions in the R23 – P diagram can be cali-
brated in terms of electron temperatures. The obtained re-
lation tP=f(P,R23) between electron temperature and pa-
rameters P and R23 provides an alternative (to the relation
O/H=f(P,R23) obtained in the previous section) method
of the oxygen abundance determination in high-metallicity
HII regions with the undetectable [OIII]4363 line.
5. Discussion
The starting expression (Eq.(2)) for the search for the re-
lation Te = f(P,R23) has been chosen from analysis of po-
sitions of HII regions in the R3 – P (Fig.4) and R23 – P
(Fig.5) diagrams. These diagrams are based on directly
measured values. The starting Eq.(2) can be rewritten in
the form
k0R23 = k1 + k2P + k3P
2, (12)
where coefficients kj are dependent on the electron tem-
perature. With our assumption that the parameter P is an
indicator of the hardness of the ionizing radiation, Eq.(12)
is the relation between the hardness of the ionizing radia-
tion and electron temperature in the nebula. On the other
hand, it is well known that the relation between the hard-
ness of the ionizing radiation (or effective temperature of
the exciting star) and electron temperature in the nebula
can be derived from the law of energy conservation for
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free electrons. According to Sobolev (1967, Eq.23.37) this
relation is given by the expression
ATeff = B Te + C R23 +D
〈 n1
n+
〉
(13)
where
〈 n1
n+
〉
=
∫
n1 ne dV∫
n+ ne dV
, (14)
where coefficient A depends on Teff only and B, C and D
depend on Te only. Comparison of Eq.(13) with Eq.(12)
shows that with our assumption that the parameter P
is an indicator of the hardness of the ionizing radiation
(or effective temperature of the exciting star) our start-
ing Eq.(12) is in some sense similar to Eq.(13). Then, the
relation Te = f(P,R23) derived here can be considered as
some kind analog of the equation of the energy balance of
a gaseous nebula.
The validity of the obtained relation O/H=f(P,R23)
depends on the reliability of the oxygen abundances in
HII regions for which this relation has been derived. The
two-zone model for Te is at the basis of the oxygen
abundance determination in the present study. Then the
O/H=f(P,R23) relation cannot be more credible than the
two-zone model for Te. If it is ever established that the
two-zone model for Te is a crude approximation of reality
and leads to large uncertainty in the oxygen abundances
then the oxygen abundances in HII regions should be rede-
termined within the framework of a more realistic model
and O/H=f(P,R23) relation should be revised.
Most metal-rich HII regions are objects with small val-
ues of R23. Although both the O/HP and the O/HR23
are maximum for those HII regions, the O/HP for them
are significantly lower (up to 0.5 dex) as compared to
the O/HR23 . It must be emphasized, however, that the
O/H=f(P,R23) relation is established on the basis of HII
regions with R23 larger than 2 (panel a1 in Fig.8) and the
validity of this relation in the case of HII regions with R23
less than 2 may be disputed. Then an additional informa-
tion should be invoked in order to firmly establish how
rich the most oxygen-rich HII regions are.
6. Conclusions
The problem of line intensity – oxygen abundance
calibration has been investigated starting from the
idea of McGaugh (1991) that the strong oxygen lines
([OII]λλ3727, 3729 and [OIII]λλ4959, 5007) contain the
necessary information to determine accurate abun-
dances in HII regions. The high-metallicity HII regions
(12+logO/H ≥ 8.2, the upper branch of the O/H – R23
diagram) are considered in the present study. The low-
metallicity HII regions (12+logO/H ≤ 7.95, the lower
branch of the O/H – R23 diagram) have been considered
in the previous study (Pilyugin 2000).
An important proposition that in high-metallicity HII
regions the value of the abundance index R23 is mainly
governed by the oxygen abundance and by the hardness
of the ionizing radiation (or by effective temperature of the
exciting star(s)) and depends very weakly (if at all) on the
ionization parameter, is immediately evident from the fol-
lowing observational facts: 1) the value of R23 is relatively
constant within a given HII region, 2) there is no one-to-
one correspondence between R23 and oxygen abundance.
Another important fact supported the use of the excita-
tion parameter P as an indicator of the hardness of the
ionizing radiation is also evident from the observational
data. These propositions are at the basis of the strong
oxygen line intensity – oxygen abundance calibration.
A relation of the type O/H=f(P,R23) was derived em-
pirically using the available oxygen abundances deter-
mined via measurement of temperature-sensivite line ra-
tios (Te – method). By comparing oxygen abundances in
HII regions derived with the Te – method and those de-
rived with the suggested relations (P – method) it was
found that the precision of oxygen abundance determina-
tion with the P – method is around 0.1 dex and is com-
parable to that obtained with the Te – method.
A relation of the type Te=f(P,R23) was derived empiri-
cally using the available electron temperatures determined
via measurement of the temperature-sensivite line ratio
[OIII]4959,5007/[OIII]4363. The maximum value of differ-
ences between electron temperatures derived through the
Te=f(P,R23) relation and determined via measurement
of the temperature-sensitive line ratio is around 1000K
for HII regions considered here; the mean difference is ∼
500K, which is of the same order of magnitude as the
uncertainties of electron temperature determinations in
high-metallicity HII regions via measured temperature-
sensivite line ratios themselves.
The relation Te=f(P,R23) between electron tempera-
ture and parameters P and R23 provides an alternative (to
the relation O/H=f(P,R23)) method of oxygen abundance
determination in high-metallicity HII regions with the un-
detectable [OIII]4363 line. By comparing oxygen abun-
dances in HII regions derived through the Te – method
with measured electron temperatures and those derived
through the Te – method with electron temperature deter-
mined with help of Te=f(P,R23) relation, it was found that
the precision of oxygen abundance determination with the
latter method is around 0.1 dex and is comparable to that
obtained with the Te – method.
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